A Gram-stain-negative, rod-shaped, non-flagellated bacterium, strain MJ9-5 T , was isolated from ice core of Muji Glacier. Colonies of strain MJ9-5 T were pink, convex and round on R2A agar.
The genus Arcticibacter was first described by Prasad et al. (2013) with Arcticibacter svalbardensis MN12-7 T isolated from arctic soil. At the time of writing, the genus contains two species, A. svalbardensis and A. pallidicorallinus (Liu et al., 2014; Prasad et al., 2013) . The type strain of the type species of this genus, A. svalbardensis MN12-7 T , is a Gramstain-negative, rod-shaped, pigmented, non-flagellated bacterium isolated from a surface soil sample from Ny-Å lesund, Svalbard, the Arctic. The predominant cellular fatty acids of A. svalbardensis T are summed feature 3 (C 16 : 1 v7c/ C 16 : 1 v6c) and iso-C 15 : 0 . The major respiratory quinone is MK-7, and the major polar lipids are phosphatidylserine and phosphatidylethanolamine. The genome sequence of A. svalbardensis T is 4.69 Mb with 151 contigs (GenBank accession no. AQPN00000000) (Prasad et al., 2013; Shivaji et al., 2013) .
In a study about ecological and physiological characteristics of bacteria in ice on the Tibetan Plateau, ice core samples from Xinjiang, PR China were drilled as research material. The ambient climate is extremely cold on the glacier; therefore, bacteria recovered from this area could tolerate extremely low temperatures. Thawed water from sections of the ice core along the depth was used for cultivation of the bacteria. After incubation at 4 u C for several weeks with R2A medium, some bacterial colonies were recovered. One strain, designated MJ9-5 T , was shown to be well adapted to cold temperatures, and this strain was chosen to perform genotypic and phenotypic experiments as follows.
The genomic DNA of strain T was extracted with the method previously described by Marmur (1963) from cells grown on R2A for 7 days at 20 u C. The purity of genomic DNA was assessed by NanoDrop (2000c; Thermo) with an OD 260 : OD 280 ratio of 1.8-2.0. The DNA was stored in TE (pH 8.0) for genome sequencing. The 16S rRNA gene was amplified with universal primers 27F and 1492R (Embley, 1991) , and 1481 bp of sequence was compared with those available sequences in the GenBank database using the BLAST program (NCBI) and EzTaxon-e server (http://eztaxon-e. ezbiocloud.net) (Kim et al., 2012) to determine the approximate phylogenetic affiliation. 16S rRNA gene sequences were then analysed with the software package MEGA 5.05 (Tamura et al., 2011) . Phylogenetic trees were reconstructed using the neighbour-joining, maximum-parsimony and maximumlikelihood methods with bootstrap values based on 1000 replications ( Fig. 1 and Fig. S1 , available in the online Supplementary Material). The genome of strain MJ9-5 T was sequenced using Roche 454 (GsFLX illumine GAllx) pyrosequencing and assembly of the raw sequencing data was performed using selected Assembler (data not published). The genome sequence of A. svalbardensis MN12-7 T was downloaded from the NCBI database. The 16S rRNA gene sequence similarity of strain T to A. svalbardensis MN12-7 T and A. pallidicorallinus Hh36 T was 98.78 % and 98.00 %, respectively. The average nucleotide identity (ANI) between strain MJ9-5 T and A. svalbardensis MN12-7 T was 90 %, lower than 94 %, which corresponds to the traditional 70 % DNA-DNA reassociation standard (Konstantinidis & Tiedje, 2005; Wayne et al., 1987) . To confirm this result, DNA-DNA hybridization was carried out by the optical renaturation method (De Ley et al., 1970; Huß et al., 1983; Jahnke, 1992) . The DNA reassociation rate between strain MJ9-5 T and A. svalbardensis MN12-7 T was 50.80±3.65 %, which supports the ANI calculation and analysis. DNA-DNA reassociation of A. svalbardensis MN12-7 T -A. svalbardensis MN12-7 T served as control and the reassociation was 98.49±1.31 %. Kim et al. (2014) suggested that 98.65 % 16S rRNA gene sequence similarity can be used as the threshold for differentiating two species; thus indicating that strain MJ9-5 T is a novel species different from A. svalbardensis MN12-7 T and A. pallidicorallinus Hh36 T Konstantinidis & Tiedje, 2005) . This finding was also supported by the following data.
Whole-cell fatty acid methyl esters were extracted and prepared using the standard protocol of the Microbial Identification System (MIDI, version 6.0) with cells of strain MJ9-5 T and A. svalbardensis MN12-7 T harvested from TSA media after 7 days incubation at 15 u C (results and comparison with A. pallidicorallinus Hh36 T are shown in Table 1 ). Polar lipids were extracted and analysed by two-dimensional TLC (Altenburger et al., 1996; Tindall, 1990) . Isoprenoid quinones were analysed as described by Hiraishi et al. (1998) , and performed on a Waters Acquity Ultra Performance LC (UPLC)-Q-TOF-MS spectrometer (Waters) with the electrospraying ionization method (Romano et al., 2006) . Cell morphology was examined by transmission electron microscopy (JEM-1230; JEOL). Growth of strain MJ9-5 T and A. svalbardensis MN12-7 T in the presence of 0, 0.2, 0.4, 0.6, 0.8, 1, 1.2, 1.4, 1.6, 1.8, 2, 3, 4, 5, 6, 7 and 8 % (w/v) NaCl was investigated in parallel in R2A broth. Growth at various temperatures (0-40 u C) was also investigated in R2A broth. For the 0 u C grade, the temperature was maintained with an ice-water mixture, other grades were sustained using a constant-temperature incubator. Absorbance was measured at 600 nm on a microplate reader (MD SpectraMax M5) to monitor growth. Growth was also tested on LB (Sangon) media. Phenotypic characteristics were determined with API 20NE and API ZYM strips (bioMérieux) according to the manufacturer's instructions. As both strains had an optimum growth temperature at about 15 u C, the incubation time and temperature were adjusted to 1 week and 15 u C accordingly (results and comparison with A. pallidicorallinus Hh36 T are shown in Table 2 ).
The major fatty acids of strain MJ9-5 T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0, anteiso-C 15 : 0 , iso-C 17 : 0 3-OH, C 15 : 1 v6c C 16 : 0 and C 17 : 0 2-OH. The fatty acid profiles of strain MJ9-5 T , A. svalbardensis MN12-7 T and A. pallidicorallinus Hh36 T were not remarkably different, supporting the affiliation of strain MJ9-5
T as a member of the genus Arcticibacter. However, the absence of summed feature 1 (C 15 : 1 iso-H/C 13 : 0 3-OH and/or C 13 : 0 3-OH/C 15 : 1 i-H) was indicative that strain MJ9-5 T may represent a novel species of the genus Arcticibacter (Table 1) .
The DNA G+C content of strain MJ9-5 T was 38.5 mol%, which was counted from the genomic data (not published, at statistics of 170 bp and 800 bp, the mean coverage is 126.16 and 117.66, respectively. The error rate is 0.1 %, Illumina Hiseq 2000). Strain T grew between 21 to 25 u C with an optimum growth temperature of 10-15 u C. Strain MJ9-5 T tolerated 0-1.2 % (w/v) NaCl with an optimum of 1 %. The NaCl tolerance range of strain T is lower than that of A. svalbardensis MN12-7 T (0-2 %). Strain MJ9-5 T grew better than A. svalbardensis MN12-7 T with 0-0.6 % (w/v) NaCl. When the concentration of NaCl was .0.8 %, the growth rate of strain MJ9-5 T was overtaken by A. svalbardensis MN12-7 T (Fig. S2) . As continental glaciers originate from precipitation, the concentration of Na + in ice-core melt-water is much lower than that in soil. This adaptation model differs greatly from that of the bacteria Planococcus halocryophilus Or1
T isolated from permafrost, which can tolerate NaCl up to 18 % (Mykytczuk et al., 2013) . This indicates that local environmental and evolutionary forces have shaped the adaptation of strain T to ice core. The major polar lipid of strain MJ9-5 T was phosphatidylethanolamine (Fig. 2) . Cells of strain MJ9-5 T are rod-shaped with a length of 1.2 mm and width of 0.5 mm (Fig. 3) , much smaller than those of A. svalbardensis MN12-7
T which have a length of 3.9 mm and width of 1.75 mm (Prasad et al., 2013) . (Liu et al., 2014) . In API 20NE tests, strain MJ9-5 T and A.
svalbardensis MN12-7 T assimilated arabinose and N-b-glucosamine, but not gluconate, capric acid or adipic acid; all three strains did not assimilate malic acid, citric acid or phenylacetic acid. In API ZYM tests, strain MJ9-5 T and A. svalbardensis MN12-7 T were positive for alkaline phosphatase, esterase (C4), leucine arylamidase, cystine arylamidase, acid phosphatase naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase and Nacetyl-b-glucosaminidase activities, but negative for esterase lipase (C8), lipase (C14), valine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase, a-mannosidase and a-fucosidase activities. +, Positive; (+), weakly positive; 2, negative; ND, not determined.
Characteristic 1 2 3
Growth at: Taken together, based on the genotypic and phenotypic data presented in this study, the psychrotolerant bacterium MJ9-5 T represents a novel species of the genus Arcticibacter, for which the name Arcticibacter eurypsychrophilus sp. nov. is proposed.
Description of Arcticibacter eurypsychrophilus sp. nov.
Arcticibacter eurypsychrophilus [eu.ry.psy.chro9phi.lus. Gr. adj. eurus wide, broad; Gr. adj. psychros cold; N.L. masc. adj. philus (from Gr. masc. adj. philos), friend, loving; N.L. masc. adj. eurypsychrophilus loving a broad range of low temperatures].
Cells are Gram-stain-negative, aerobic, pigmented, rodshaped with a length of 1.2 mm and width of 0.5 mm, and grow well on R2A, TSA and LB media. Grows between 21 to 25 u C with an optimum growth temperature of 10-15 u C on. Tolerates 0-1.2 % (w/v) NaCl, with an optimum of 1 %. Hydrolyses aesculin, but not gelatin. Reduces nitrates to nitrites. Indole and H 2 S are not formed. The major respiratory quinone is MK-7, and the major polar lipid is phosphatidylethanolamine. The major fatty acids are summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0, anteiso-C 15 : 0 , iso-C 17 : 0 3-OH, C 15 : 1 v6c and C 17 : 0 2-OH. Assimilates arabinose, N-b-glucosamine, D-glucose, mannose and maltose, but not mannitol, gluconate, capric acid, adipic, acid, malic acid, citric acid or phenylacetic acid. Positive result in tests for alkaline phosphatase, esterase (C4), leucine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase activities, but negative result for esterase lipase (C8), lipase (C14), valine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase, amannosidase and a-fucosidase activities.
The type strain, MJ9-5 T (5KCTC 42008 T 5JCM 19862 T ), was isolated from an ice core drilled from Muji Glacier, Xinjiang, PR China. The DNA G+C content of the type strain is 38.5 mol%. Bar, 1 mm.
